Planning System (JOPS) is a Department of Defense system for the conduct of the joint planning process. We describe the design of microcomputer implementation of a JOPS simulator, called JPLAN. We present some background on JOPS and JPLAN, problems with the current simulation, and our approach for a new microcomputer implementation which eliminates the "user hostile" interface for users and maintainers of the simulation.
INTRODUCTION
To be effective the four military services must take a joint, or team approach to attaining military objectives. This means that we must plan our operations together. As one can imagine the job of fulfilling the requirements of each service is in itself a The organization of this paper is as follows. We first present some background on the JPLAN simulation, describing it,s current use and problems with its implementation. We present an overview of the simulation and our approach to designing the database, user interface, and simulation software for the micrecomputer.
BACKGROUND
The Joint Planning Exercise (JPLAN) is a simulation of the Joint Operation Planning System (JOPS) used by the unified and specified commands to develop operation plans. The current implementation of the exercise is described as "user hostile" because both the hardware and software can be very frustrating to use. The exercise uses hardcopy thermal printer terminals (i.e., TI Silent 700) operating at 300 BAUD.
Printing long listings of data on this device is quite common and consumes a large amount of the users' time, which could be utilized much more effectively with a screen oriented system and a dot matrix printer for reports. On the software side, all inputs are line oriented since a screen doesn't exist. Since the implementation is closely coupled to FORTRAN conventions, the user is forced to enter lines of data with commas and spaces placed exactly as required or he must start over when an input error occurs.
The difficulties encountered with running the JPLAN exercise on a mainframe computer system is being solved by redesigning JPLAN to a microcomputer system (specifically, the Zenith Z-158 and Z-248). This solution will allow the exercise to operate independently of a large computer system and eliminate the use of terminals for calling the CREATE system. This will allow the exercise to be used anywhere a compatible microcomputer can be found, which today means almost any government office or organization. Also, the availability of portable microcomputers will allow the instructor to take all the necessary equipment with him to the installation. The end product will be a JPLAN exercise running on a microcomputer which maintains the overall integrity and operating accuracy of the current mainframe version, with minor changes to allow the exercise to mirror JOPS more closely .
OBJECTIVES
The following objectives will be accomplished through the course of our project:
1.
2.
3.
4.
5.
A database system will be designed to handle all of the JPLAN information necessary to run the simulation.
The Dialog Component (user interface) will be designed to allow users to interact with the system and run the simulation. Every effort will be made to eliminate the current "user hostile" interface. PC INGRES will be used as the database system and the 4th generation language (4GL) and forms generator provided will be used for implementing the user interface.
The simulation, which is presently written in FORTRAN IV, will be rewritten in Embedded SQL and Microsoft C and upgraded to more closely simulate the current JOPS system.
The simulation should operate an any IBM PC compatible microcomputer system, and will be developed on a Zenith Z-248.
User documentation and instruction manuals will also be developed to aid in the operation of the system. Maintenance and installation documentation for the system will also be provided to allow continued improvement and system maintenance.
THE DIALOG COMPONENT
To design the screens for the Dialog Component (user interface) a technique called storyboarding was used. Storyboards are used to represent the user's requirements using some type of graphics or form design tool to deveIop a sequence of displays which will represent a possible solution to the user's problem (Sprague and Carlson (1982) ). A set of storyboards was designed for JPLAN using a graphics tool to illustrate the screens, system flow, and reports necessary to translate the FORTRAN based exercise to a PC based implementation. These storyboards were then reviewed by the users for accuracy and any changes were incorporated.
The Dialog component was determined to be best represented as a Menu Dialog because this type of dialog is effective for inexperienced and infrequent users (Sprague and Carlson (1986) ).
Since the users of this system are professional continuing education (PCE) students, Logistic's School students, and ACSC students, each of these groups (e.g., civilians, NCO's, and Officers) represent users who may be unfamiliar with computers in general. Therefore, the use of a highly structured and sequential menu system is appropriate. Also, this system mirrors the actual JOPS more closely by using the same module scheme.
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The users will have a very limited exposure to tile sytem (one day training and two days usage), so they will not gain a great 
PAX
The number of personnel ,that must be airlifted to the POD. This is usually the same as PERS, but could be aifferent depending on the type of unit (e.g., some of the personnel m.sy be flying aircraft to that base).
STONS -The short tons (a unit of measure for generic cargo)
of cargo belonging to the unit to be transported.
OSIZE -the portion of S'TONS that must be transported by C-5A because of size requirements (e.g., Tanks, Trucks, and other heavy equipmentj.
In the old FORTRAN based implementation all user entries to the system were line oriented, which means that all entries for editing data were limited to one line. FORTRAN uses coinmas as delimiters for fields, therefore, users also had to insert commas between multiple fields on a line. To help illustrate the improvement of the new screen oriented user interface over the old FORTRAN based line entry system the two will be compared. For example, to change Line Number 119 to have a UTC of 4F9F9, a POD of PRM, a EMD of -7, and a LAD of -3 the following line entry in the old system would be required:
If an error occurred in the line the entire line would have to be repeated. Also, the user had to remember the abbreviations for the fields he wanted to change, because as shown the abbreviation had to precede the new data value. Now one of the new screens (see Figure 1 ) nil1 be used to illustrate the improvement obtained by the user interface we designed.
When the user brings up t.he "F40 -EDIT FORCE LIST" screen he will input the line number he wishes to edit and the corresponding information will be presented. Error checking is provided on each field the user must input to ensure the data is valid. If invalid data is entered an error message will be displayed and the user is returned to the field, the user will not be allowed to go to the next field until a valid input is received. Also, if the user tries to quit without saving the data he will be prompted to verify his intentions. Clearly this method is much more "user friendly" than the equivalent entry in the old FORTRAN implementation.
THE JOPS SIMULATOR
The model base structure and how the simulations, database, dialog, and user interact are shown in Figure 2 . Note that the user does not interact directly with the models but uses the models as an extension of the database. This restriction exists because of the classroom environment the model is used in. To insure each group is using the same criteria, no group is allowed to manipulate the model in any way. The only interaction the users have with the model is through the dialog and any changes in the input parameters they make.
The simulation portion of the JPLAN exercise is the Trans- Officers Guide, AFSC PUB 1 (1986)).
Any late arrivals are shortfalls and can be resolved by the user adjusting the EMD, LAD, Priority, moving the UTC to another POD, or changing the POD Priority. Other considerations include plan requirements for force deployment and available resources (i.e., available aircraft, ships, ramp space for aircraft, and port capacity for ships) at each POE and POD.
More specifically the JPLAN simulation must perform the following steps one day at a time between the start and end days This completes the simulation of one day's transportation of forces, this process is repeated for each day of movc,ment. Upon assigning a load for a UTC to an aircraft the following checks are performed against data in the database:
1. A load cannot be assigned to an aircraft prior to the UTC's EMD.
2. The type of airscraft must be allowed at that POD.
3. The aircraft resources must be available.
4. Ramp space at the POD must be available.
The following considerations apply 1 o ramp space at a F'OD:
Once a unit with Tactical Aircraft deploy to a POD the ramp space required by those aircraft is decrensed for remainder of the exercrse.
When an airlift aircraft (e.g. C-5A, C-141, or CRAF) lands the ramp space required by that aircraft, is taken for the entire day.
In summary, the simulation allocates transportation resources (i.e. aircraft and ramp space) to move selected forces into the theater of operation according to the base and unit priorities selected by the student. The primary limiting factor in the simulation is the amount of ramp space available at each POD to park aircraft. Since the student, nornially has plenty of aircraft available, the solution lies in the arrival timing and priorities of the forces.
DATABASE DESIGN
In designing the database structure a decision had to be made as to the structure of the data. The current system is implemented using flat files which causes a large number of redundant data. items, as well as, compounding integrity and consistency problems among the duplicated data. To eliminate the data redundancies and enhance the integrity, consistency, and usability of the data, a relational database management system (DBMS) was selected. After an evaluation, the user selected PC Ingres.
An object-based design using entity-relationship (E-R) diagrams is used first to develop a conceptual view of the database.
This view shows the data items with their associated attributes and the interrelationships between the data items. Then a relational database design methodology is used in implementing the conceptual view of the database.
The first step in designing the database is to identify the objects (entities Figure 1 ). This illustrates one of the many bene&ts of using a relational database design to reduce data redundancy and enhance data integrity. After all the entities are identified and the E-R diagram is completed, we determine the relationships between the objects and put them into dat,abase tables. Figure 4 illustrates two tables we constructed from the E-R Diagram, note that by using a relational database structure we can eliminate the unnecessary duplication of data described earlier. We use the UTC attribute to join the two table:; so we are able to easily maintain the data shown in the F40 Edit Force List screen (see Figure 1 ) without keeping all of this information in one table and We have described our approach to the design and implementation of a Joint Operations Planning Simulator for the microcomputer environment. Utilizing proven database design and software engineering techniques we have designed an exercise which will educate our future Air Force leaders in the complex activity of planning joint operations without burdening these students with out-of-date and inadequate computer resources.
